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Introduction
In this study, we looked at the contribution of faculty support both within the context of a particular course (formal faculty support) and outside that context (informal faculty support) to the future academic engagement of these students in their academic endeavors. We chose constructs of engagement that come from motivational research 1, 2 and include perceived behavioral and affective dimensions 1 . Behavioral engagement captures how involved a student may be in his or her academic endeavors and has included measures of effort and participation in class discussions 2 . In addition to effort and participation, a student's positive and negative feelings about academic experiences can be captured using constructs of positive and negative emotional engagement. Feelings included in these measures can range from feelings of interest and enjoyment to anxiety/worry and discouragement 3, 4 . Both behavioral and emotional engagement have been shown to be fundamental to the learning process 5, 6 and thus provide a broader foundation for understanding the dynamics of learning in the college classroom.
Longitudinal relationships between faculty support and behavioral and emotional engagement were evaluated in a one-year longitudinal study of engineering and computer science students at five different institutions. These five institutions include three types of Carnegie 2010 classifications 6 (Bac-Diverse, Master's L, and RU-VH), four geographical locations including the northwest, northeast, midwest, and southeast, and both public and private institutions with total undergraduate enrollments varying from 1,900 to 29,000 students.
Background
The positive relationship between student-faculty support and academic outcomes for students has been established in the literature. Although somewhat dated, Lamport's review 8 highlights the multi-dimensional importance of student-faculty interactions. Faculty-student interactions are significantly associated with satisfaction in college. They also predict increases in cognitive ability, personal identity, and values, and support integration into the institution, thereby reducing the risk of dropping out of school. Moreover, it has been shown that it is not the quantity of student-faculty interactions but the quality of the relationships that makes a difference, so much so that a strong relationship with a faculty member can override the effects of student culture 8 . More recent research studies reinforce the importance of the student-faculty relationship. For example, in a study of over 4,500 students at various doctoral and master's level institutions, Lundberg and Schreiner 9 found that the quality of faculty-student relationships significantly predicted learning for all ethnic groups. In a much broader study of over 43,000 students from 119 majors across nine campuses, Kim and Sax 10 report that students' contact with faculty and undergraduate research engagement were significantly related to their cognitive development. In a smaller study of approximately 200 students at a single institution, Halawah 11 provides evidence that both faculty concern and informal faculty relations were significantly correlated to intellectual development. Although these results were significant across all majors, a positive departmental climate of faculty support, as well as clear, organized department policies strengthened the relationship between faculty interactions and cognitive development. In particularly challenging courses like organic chemistry, student-faculty relationships were also significantly related to grades as well as course confidence 12 . In engineering, faculty and department support was one of four key factors in supporting the ability of under-represented minorities to develop a sense of community and belonging 13 . Highlighting the importance of faculty involvement, Lundberg and Schreiner 9 found that interactions and relationships with faculty were stronger predictors of student learning than race and ethnicity.
Although the body of research on faculty support in higher education is significant, studies of the relationship between faculty support and engagement are notably absent from the higher education literature, particularly in engineering education research. This work seeks to address this gap, in part, by studying the relationship between faculty support (both formal and informal) and behavioral and emotional engagement, because the latter constructs reflect the motivational state of the student and motivation is an important predictor of present as well as future behavior.
Methods
This research is part of a larger five-year, multiple institution research study that examines connection, community, and engagement in STEM education. In this larger study (described elsewhere 14 ) , patterns of belonging, connection to community, and related affective outcomes are investigated with the goal of predicting and improving engagement and connection to community across a diverse range of institutions, students, teaching styles, and faculty. We are currently in the last year of this broader study funded by the National Science Foundation.
This part of the study focuses on understanding how faculty support provided as part of a class (formal faculty support) and provided more generally (informal faculty support) predicts future engagement of STEM students (including significant number of engineering and computer science majors). Data are collected from the following five institutions:
• HBCU (Bac-Div): A historically black, independent, and state-related institution of 2, 605 undergraduates in the Southeast which offers four undergraduate engineering degrees and is typically characterized by small groups of students (class sizes of 5-50). Students can begin the engineering curriculum as early as first semester freshman year.
• Private/Faith Based (Masters L): A small teaching institution in the Pacific Northwest of 3,238 undergraduates, whose mission emphasizes building graduates of competence and character by providing tools of rigorous learning and modeling a grace-filled community. This institution offers six engineering and computer science majors that are based on and informed by a Christian world view. Class sizes typically range from 15-20.
• Research (RU/VH): A large research institution and flagship university in the Pacific Northwest which serves over 29,000 undergraduates and confers over 12,000 degrees annually. This institution offers ten engineering and computer science undergraduate degrees, and is characterized by large classes in freshman and sophomore years (100-500) and smaller classes in junior (40-80 students) and senior (15-40 students) year. Most students are competitively admitted to engineering and computer science majors after their second year.
• Teaching (Masters L): A medium-sized institution of approximately 13,504 undergraduates in the Midwest that combines an emphasis on teaching with emerging innovations in research, serving a regional student population. This institution offers over ten undergraduate degrees in engineering and computer science. Class sizes typically average 25 students, with upper division classes averaging about 15 students.
• Women's (Masters L): A small women's college of approximately 1,792 undergraduates in the Northeast with fifty majors, including computer science, biology, biochemistry, biostatistics, chemistry, environmental science, health informatics, mathematics, and physics degrees in STEM, but no engineering degrees. This institution offers a liberal arts education for its undergraduates integrated with professional work experience. Class sizes are typically 6-12 students, with the largest class size around 20.
This research uses a longitudinal quantitative methods approach that looks at the predictive influence of faculty support on future academic engagement. Although indirect relationships between faculty support and engagement may be present through such intermediate outcomes as belonging or connections to community, the focus of this study remains on direct relationships between these two primary constructs. The pathways we study herein are highlighted in yellow in Figure 1 . 
Research Question #2: Does informal faculty support predict future behavioral or emotional engagement?
This question provides valuable contrast to what faculty do in the context of individual courses compared to what they do in general, outside of the classroom, to interact with, relate to, and support students. Longitudinal relationships between informal faculty support and future student engagement speak to the impact of less formal learning communities and experiences, including but not limited to undergraduate research and design competitions, as well as truly informal interactions that occur in hallways, offices, and in spaces where faculty and students run into each other every day.
B. Subjects and Procedures
Undergraduate students in a variety of engineering, computer science, and other science majors in STEM were recruited for this study. A sample of convenience including over 1507 students began participation in this study by completing a survey of their experiences, including participation in communities both inside and outside of school, their feelings about the degree to which they belong (or do not belong) in these communities, and a variety of other demographics and affective indicators. Survey participants were recruited to complete a hard copy of the survey in core classes (those required by the student's major) by researchers on each of the five campuses during the Fall 2010 and Spring 2011 terms (Time 1 -T1). Additional T1 students were recruited as needed (to achieve a larger sample size) by e-mail using an electronic version of the survey and using similar recruitment protocols as with on-paper surveys. Approximately one year later (Mean = 12.5 months; range = 9.5 -15 months), students were contacted again and asked to complete an electronic follow-up survey (Time 2 -T2). Approximately one-third of the original sample (32%; N = 482) provided survey responses within the specified time range. Demographics of the longitudinal population are described in Table 1 . 
C. Instruments
Survey data were used to answer both research questions in this study. Additional information regarding this survey is described elsewhere 14 . In the survey, students completed Likert scale questions regarding perceived levels of informal faculty support, formal faculty support, behavioral effort, behavioral participation, positive emotional engagement, and negative emotional engagement. Items included in each scale and corresponding reliabilities are summarized in Table 2 .
D. Data Analysis
Simultaneous multiple regression analyses were conducted using SPSS18 to test the relationships between informal and formal faculty support and the four measures of academic engagement. Mahalanobis and Cook's distances were evaluated to determine the presence of outliers in the data set 17 . Although some cases were identified as outliers, the removal of these cases did not significantly impact the results.
The primary analyses employed simultaneous multiple regression analyses using SPSS 18. Four separate multiple regression models evaluated the unique contributions of the T1 Formal and Informal Faculty Support to the T2 behavioral (Effort and Participation) and T2 emotional (Positive and Negative) engagement variables for each school. The appropriate T1 engagement variable was also included in each model to control for the initial level of engagement. Four models were tested on each school separately (for a total of 20 models) in order to evaluate the significance of the faculty support factors to the multiple indicators of T2 engagement for each school and to assess the patterns of significance across the schools. This approach allowed us to evaluate the significance of the model for each school with the greatest clarity regardless of size.
As such, the school differences in the absolute levels of the standardized regression coefficients were not tested directly and were not central to our goal of assessing the patterns of significance across schools. Statistical significance of each regression model and each predictor was determined by p levels set at the standard <.05 for social science research. 15 The instructor in this class is willing to spend time outside of class to discuss issues that are of interest and importance to me. The instructor in this class is interested in helping me learn. The instructor in this class cares about how much I learn. The instructor in this class treats me with respect.
0.89
Faculty Support (Informal) 16 Since coming to this university I have developed a supportive relationship with at least one faculty member. In this class, when we work on something in class I feel discouraged.
0.83

Results and Discussion
A summary of the models used in this regression analysis along with their significance can be found in Table 3 . Detailed results and parameters for each of the 20 regression models are found in the Appendix. While the models associated with the HBCU, Research, and Teaching institutions were significant for all four forms of engagement, corresponding models for the smaller schools (Private and Women's) were often not significant, due at least in part to the limited longitudinal sample size (32 at the Private institution and 35 at the Women's institution). The significant relationships between the individual predictors in the regression models and the engagement factors are summarized in Figure 2 . The detailed parameters for each model are provided in the Appendix.
Figure 2: Longitudinal Results
Longitudinal relationships between formal faculty support and informal faculty support (independent T1 variables) and four types of academic engagement (dependent T2 variables) were studied while controlling for engagement at T1. The pattern of results revealed that the T1 engagement variables were the most consistent and generally strongest predictors of the T2 engagement variables in 15 of the 16 significant regression models. These findings suggest that T1 participation, effort, and positive and negative emotional engagement are relatively stable characteristics in the self-perceptions of students. Results also show significant predictive relationships beyond the T1 engagement level that allow us to answer the research questions for three of the five institutions in this study. When considering only those models that were significant (Table 4) , of a possible 16 connections between formal faculty support and the four forms of engagement, three significant connections emerged. Only two of 16 possible connections between informal faculty support and the four forms of engagement emerged. The lack of connections does not mean that faculty support is not important; instead, our results highlight two important observations. First, students seem to be discerning in how they receive faculty support, how they internalize it, and how they transform it to future changes in their academic engagement. Second, the small sample sizes at smaller institutions arising from both smaller enrollments and the difficulties in retaining students in a longitudinal study (which is an issue at all institutions) impair longitudinal studies in these institutions. Thus, mixed methods studies and triangulation of quantitative and qualitative data are essential to understanding what is going on at a range of institutions, from small to very large.
While these mixed methods approaches to a multiple institution study are part of our larger investigation, only quantitative results are reported herein. In future work, we will triangulate quantitative data collected in this study with qualitative data gathered from interviews and focus groups to more fully understand the complex interactions between faculty support and student engagement at all five participating institutions.
Research Question #1: Does formal faculty support predict future behavioral or emotional engagement?
Based on the reports of the students at the HBCU institution, there are significant links between what the faculty do in class (formal support) and how students evaluate their behavioral engagement one year later. When HBCU students perceived that the faculty in at least one class cared about them and demonstrated concern for their learning at T1, the students were more likely to report trying harder and investing more effort in their major classes one year later.
Similarly, based on the reports of students at both the Teaching and HBCU institution, there are significant links between what faculty do in class and how students evaluate their emotional engagement one year later. When students at these two institutions perceived that faculty were interested and concerned about their learning in at least one class at T1, then the students were more likely to report that they were interested and having fun in their major classes one year later.
These results do not prove that formal faculty support is not important at the Private and Women's institutions (the two smallest institutions in the study). The longitudinal sample sizes were small in these schools and clearly affected the possibility of detecting statistical significance in the models and predictors. Qualitative data (not reported here) do suggest that faculty support is strong at both institutions and instrumental to some degree in student satisfaction. However, future work will need to tease out relationships between faculty behavior and student engagement at the smaller institutions through further analysis of this qualitative data.
These results also do not prove that formal faculty support at the Research institution is not important to students' future engagement. In this study, students reported formal faculty support in the context of only one of the classes in their major, but reported engagement in the context of all of their major classes. The Research institution is characterized by a much wider range of classes and variation in faculty members than the other four institutions in this study. Students at smaller institutions experience smaller class sizes than do students at the large, research universities and are more likely to have the same professors within a major department. Conversely, at the Research institution, students are exposed to more faculty and larger class sizes. Thus, it is possible that, in some cases, faculty members did make a difference to future engagement in particular classes at the Research institution, but the variance in the data overwhelmed any such connections. Understanding if this is the case would require analyzing qualitative data or quantitatively assessing formal faculty support in more than one class.
In summary, our results show that for institutions where sample size is appreciable and where students come into contact with a relatively small number of faculty teaching their major classes, what faculty do in their classes does indeed predict future academic engagement of these students. The way we have chosen to measure engagement (through behavioral and emotional dimensions) also suggests that greater faculty support in class is improving the motivation of students in their future studies.
Research Question #2: Does informal faculty support predict future behavioral or emotional engagement?
At the research institution, perceived support from faculty outside the classroom at T1 made unique contributions to the students' reported classroom participation and positive emotional engagement one year later. When rephrased in terms of the items used to measure student perceptions, this result means that when a student develops a supportive relationship with at least one faculty member or faculty have a positive influence on a student's career goals and aspirations, then, one year later, students tend to enjoy, feel good about, or be more interested in their major classes, labs, and study groups. They also tend toward participating more in these academic communities.
Engineering students at the Research institution have opportunities to participate in a wide range of activities sponsored or supported by engineering faculty. These opportunities include undergraduate research, design competitions, Engineers without Borders, professional societies, and others. These activities are likely to mimic many characteristics of the small department, small class, or multiple classes with the same professor that are present at the smaller institutions, thus providing students opportunities to interact with faculty more over a longer period of time.
The larger classes, shorter terms (quarter rather than semester), and more diverse faculty pool at the Research institution may cause classrooms to appear more impersonal and may not be an ideal arena for developing supportive relationships with faculty members. Faculty-student interactions can be sparse at research institutions 18 . But, co-curricular academic activities can be more personal and more frequent, providing for more meaningful faculty support.
Summary
In three engineering programs ranging from medium to large at three different institutions, ranging from small to very large, we find evidence that faculty support either in the classroom or outside of class can make a difference in the future engagement of students. These results, however, display distinct features at the three schools and may not represent a global pattern among the five schools in this study or a generalizable difference between research-oriented and teaching-oriented institutions. However, this study has shown that when sample sizes are appreciable, faculty support (formal or informal) does impact at least one form of engagement. These results reinforce other studies of faculty support by adding increased academic engagement (behavioral and emotional) to the list of academic outcomes that are improved by strong faculty support.
Limitations and Implications
Limitations: We recognize that in drawing data from only five institutions, the generalizability of our findings may be limited. However, the inclusion of five diverse types of institutions in the study does allow for the representation of a wide range of student experiences. Despite the fact that longitudinal sample sizes were small at two schools and most likely limited the significance of the models obtained from the analyses, patterns of faculty support between research-oriented and teaching-oriented institutions were readily identifiable.
Implications: This study has offered insight into how what faculty do influences student motivation as expressed by behavioral and emotional engagement one year later. At smaller and teaching-oriented institutions, what faculty do in the classroom plays a significant role in engagement, thus calling for faculty at these institutions to focus their resources, interactions, and relationships with students in their courses rather than other venues for maximum benefit. In contrast, informal faculty support makes a significant contribution to student engagement at the Research institution (while formal faculty support does not play a significant role). This finding calls for faculty at research institutions to focus their effort on what happens outside of their courses in terms of mentoring, counseling, and guiding students. This study has also implied that despite the chronically small opportunities for interaction students may have with faculty, especially at research institutions 18 , the support that is provided is still having an impact on student engagement and motivation. In this respect, our study highlights the important (and often disproportionate) role that faculty play in the lives of students.
Concluding Remarks
We have completed a one-year longitudinal study across five institutions to study whether or not faculty support, both within the context of a course (formal support) and outside of it (informal support) predict academic engagement. However, of the predictions that are significant, formal faculty support seems to be a greater influence at the teaching-oriented schools, while informal faculty support plays a more important role at the research-intensive institution. Furthermore, formal faculty support plays a more important role for behavioral effort and positive emotional engagement, while informal faculty support predicts behavioral participation and positive emotional engagement. No forms of faculty support predict negative emotional engagement, thus implying that students' negative feelings about courses and experiences within their major are more rigid than other forms of engagement. This study has established that faculty support is important, albeit in different ways at different institutions. Future work will include looking at qualitative and descriptive data, also collected in this study, to understand how students process faculty support into greater future engagement and why different forms of faculty support play different roles at different institutions.
Regression Model Parameters
B: Unstandardized Coefficient; SE: Standard Error; β: Standardized Coefficient 
